Dyspnea-related anxiety may lead to reduced quality of life and functional disability through fearful avoidance of dyspnea-evoking activity. We describe the validation of a generic -diagnosis-independent -instrument assessing dyspnea-related anxiety. A total of 187 patients with respiratory diseases completed the Breathlessness Beliefs Questionnaire (BBQ), a 17-item questionnaire adapted from the Tampa Scale for Kinesiophobia (TSK), a measure of how harmful pain patients think painful movement is and to what extent they think activity should be avoided. Measures of negative and positive affectivity (PANAS), anxiety and depression (HADS), functional status (PFSDQ), and health-related quality of life (CRDQ) were also completed. Principal component analysis and item-total correlations suggested a reliable (reduced) 11-item BBQ (Cronbach's alpha ¼ .85) with two factors converging with the TSK factors: a 'somatic focus' factor assessing the harmfulness of dyspnea and the underlying pathology and an 'activity avoidance' factor assessing beliefs that activity should be avoided. Correlational analyses support the construct validity of the BBQ: higher scores on the BBQ are associated with reduced health-related quality of life and functional status. Associations between 'somatic focus' and negative affectivity and anxiety and between 'activity avoidance' and positive affectivity and depression further supported the validity of the BBQ and its subscales. The BBQ is a valid, short, and useful instrument to assess respiratory patients' beliefs about the harmfulness of their disease and physical activities. Further research is needed to document to what extent BBQ scores are related to daily life activities and symptoms.
Introduction
Dyspnea, the sensation of uncomfortable breathing, is a cardinal symptom of respiratory diseases such as asthma and chronic obstructive pulmonary disease (COPD). 1 It is prevalent in many other chronic diseases and may cause considerable suffering. 2 The intuitively appealing response to dyspnea is reducing activities. Whereas this may be adaptive in acute disease states (e.g., acute airway infection, pneumonia) allowing physical recovery, in chronic disease states activity avoidance (AA) may lead to physical deconditioning and dyspnea at progressively lower activity levels. 3 Hence, it is recommended that patients stay active despite dyspnea in order to preserve a minimal level of physical fitness. In clinical practice, however, patients often avoid dyspnea-eliciting activities, leading to a gradual forsaking of all activities of daily living. 3, 4 This, in turn, may further lead to reduced health-related quality of life and increases in symptoms of anxiety and depression.
A growing body of literature suggests that dyspnea and pain share a number of important characteristics. Both are multidimensional subjective experiences [5] [6] [7] and common neural pathways and cortical projection areas have been identified. 8 This suggests that factors influencing the perception and chronification of pain may play a similar role in the perception of dyspnea. Consistent with the cardinal role of psychological factors in the perception of pain, interest in psychological factors influencing the perception of dyspnea 9 has recently grown. For example, experimental studies have shown that negative emotions, [10] [11] [12] attention and distraction, 13 and learning 14, 15 can influence the perception of dyspnea.
Furthermore, there is considerable comorbidity of anxiety/panic disorder and depression in respiratory diseases, 16 with sizable overlap in symptoms, complicating treatment of respiratory symptoms as well as psychopathology. Whereas general measures of anxiety and depression may help in diagnosing patients at risk of psychiatric comorbidity, they provide no specific therapeutic targets. Identifying dysfunctional beliefs by a measure of illness-specific anxiety would provide a specific target for therapy and could contribute not only to reduce comorbid general anxiety but also to improve physical status.
The present paper focuses on dysfunctional beliefs related to dyspnea. For example, catastrophic (mis)interpretations and an exaggerated negative orientation towards the threatening character of an event or experience have been shown to be of great importance in the chronification of pain. 17 Using the Catastrophizing about Asthma Scale (CAS), 18 catastrophic thinking about asthma was shown to be associated with more subjective symptoms in patients with asthma as well. 19 The CAS, however, was specifically developed for use in asthma patients. A scale aimed at assessing dysfunctional beliefs about dyspneic sensations in general, including avoidance tendencies, may have broader applicability and could be used independent of the underlying pathology.
The current paper deals with the development and validation of such a scale. Instead of adapting the CAS -in spite of its value in predicting overperception in asthma -we decided to translate the Breathlessness Beliefs Questionnaire (BBQ), 20 an adaptation of the Tampa Scale for Kinesiophobia (TSK). 21 This decision was based on the following considerations: First, considering the widespread physical inactivity seen in patients with COPD, a measure of the beliefs that patients hold about physical activity may help understand patients' motivations for (not) being active. The TSK has two scales: 'somatic focus' (TSK-SF) and 'activity avoidance' (TSK-AA). 21 The TSK-SF scale consists of items like 'My body is telling me I have something dangerously wrong' and 'Pain always means that I have injured my body'. The TSK-AA scale consists of items like 'If I were to overcome it, my pain would increase' and 'I'm afraid that I might injure myself if I exercise'. In our view, the TSK-SF scale may also tap into catastrophic cognitions, as it focuses on how painful sensations signal dangerous and, hence, threatening bodily events. 22 On the other hand, the TSK-AA scale may help in quantifying patients' negative beliefs about physical activities, which may provide an intervention target to reactivate patients. Second, an invariant two-factor model across pain diagnoses has been found for the TSK, 21, 23 suggesting it is a tool that can be used irrespective of the cause of the symptom.
In short, we aimed to investigate the validity of an adaptation of a measure of fear of pain and physical activity in patients with respiratory disorders. To this aim, we used a sample of patients with COPD and a sample of patients with various respiratory disorders.
Methods Participants
Two samples of patients with respiratory disorders were recruited. The first sample consisted of 82 consecutive patients (55 men; mean age 67.1 years, SD ¼ 9.7; range 32À82) visiting the outpatient clinic for enrollment in the pulmonary rehabilitation program of the University Hospital (Gasthuisberg, Leuven). The majority of these patients (89%) suffered from moderate to very severe COPD according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) 24 standards (GOLD I: 8 patients; GOLD II: 17 patients; GOLD III: 25 patients; GOLD IV: 23 patients). Three patients suffered from interstitial lung disease. For 6 patients, we did not have access to information about their diagnosis.
The second sample consisted of 105 patients (45 men, 22 did not mention their gender; mean age 63.9 years, SD ¼ 15; range 18À88) with pulmonary disease who were recruited via pulmonologists, general physicians, and physiotherapists.
The study was approved by the ethical committee of the hospital and all patients provided informed consent.
Questionnaires
BBQ. The BBQ 20 is a 17-item measure of dyspnearelated anxiety, based on the TSK. 21 Patients indicate to which extent they agree with the items on a 5-point scale from 'strongly disagree' (scored 1) to 'strongly agree' (scored 5). The 17 original BBQ items are presented in Table 1 . A panel of five psychologists with clinical expertise in respiratory disease translated the BBQ into Dutch, working towards a consensus translation. The resulting questionnaire was presented to a small sample of COPD patients who were asked to provide their comments on the wording and ease of understanding of the items. The patients' input was then used to construct a final version that fitted the original English version well and was comprehensible for the patients.
Positive and Negative Affect Schedule. The validated Dutch version of the Positive and Negative Affect Schedule (PANAS) 25 was used to measure positive and negative affectivity (NA) as a stable (personality-like) trait. Participants have to indicate to what extent 10 positive (e.g. attentive, interested, active) and 10 negative (e.g. distressed, hostile, nervous) adjectives apply to themselves in daily life on a scale from 1 ('very slightly or not at all') to 5 ('very much'), resulting in a score between 10 and 50 for each scale. Although earlier research focused on the relationship between NA and symptom reporting, more recent research suggests positive affectivity (PA) as a determinant of immune function 26 and health outcomesfor example, through the use of active coping and physical exercise [27] [28] [29] . Cronbach's alphas of the Dutch PANAS of .85 and .79 for the NA and PA scale have been reported, respectively. In the outpatient group of the current study, alphas were .86 and .87 for the NA and PA scale, respectively.
Hospital Anxiety and Depression Scales. The validated Dutch version of the Hospital Anxiety and Depression
Scales (HADS) 30 was used to assess depression and anxiety. The HADS consists of a 7-item anxiety scale and a 7-item depression scale. Items are scored on a scale from 0 to 3. Subscale scores between 0 and 7 exclude an anxiety/depression diagnosis, whereas scores between 11 and 21 indicate probable anxiety disorder or depression. Reported Cronbach's alphas for the total scale and both subscales (range .71 to .90) are satisfactory to good. Pearson correlations between the components (subscales) range from .43 to .73 depending on the age of the individual.
Chronic Respiratory Disease Questionnaire. The validated Dutch version of the Chronic Respiratory Disease Questionnaire (CRDQ) 31 was used to assess health-related 
Procedure
Patients enrolling in the pulmonary rehabilitation program in the University Hospital completed the BBQ, HADS, PFSDQ-M, and CRDQ before the start of the program. CRDQ data were missing for 3 patients. The other patients were asked to complete the BBQ, HADS, PANAS, and PFSDQ-M and to return the package to their physician/physiotherapist, who sent the completed questionnaires by mail to the first author.
As the PANAS was not part of the standard assessment procedure, PANAS data were not available for the rehabilitation group. Similarly, because the CRDQ is best administered in a personal contact with a (para)medic and may be quite time-consuming, the second sample did not complete the CRDQ.
Statistical methods
Missing data on the BBQ (5 participants had 1 missing item each, all of them skipped a different item) were replaced by predicting the missing value based on linear regression weights from a regression analysis with the missing item as criterion and the other items as predictors (using the data from those patients who completed all the items). The internal consistency of the BBQ was explored by item-total correlations and Cronbach's alpha on the total sample. To explore the structure of the BBQ, we performed principal component analyses (PCA) followed by Varimax rotation on the BBQ data from the total sample. The reliability of the (sub)scale(s) was estimated by calculating item-total correlations and internal consistency (Cronbach's a) on the total sample.
The construct validity of the scales resulting from this first step was tested by calculating Spearman correlations between BBQ-subscale scores and the other questionnaire data for the two samples separately. Next, we performed multivariate regression analyses to see whether PA and NA predicted BBQ-subscale scores independently. PA and NA were entered together at the first step as predictors with BBQ-SF and BBQ-AA as the criteria (outpatient sample). The same analysis was done for the HADS scales (total sample).
To check for the relation between disease severity and BBQ scores, we computed a correlation between COPD GOLD stage (IÀIV) and BBQ scores within the rehabilitation group. Additionally, one-way analysis of variance on BBQ-subscale scores with COPD GOLD stage (IÀIV) as between-subject variable was performed. To explore significant effects, means were compared post-hoc with unequal-N honest significant difference comparisons, which controls for the unequal numbers of data in each cell and corrects significance values for multiple comparisons.
All analyses were performed with Statistica 9.0 for Windows (StatSoft Inc., Tulsa, USA)
Results

Item-total correlations and PCA
The item-total correlations are presented in Table 1 . Individual items correlate moderately with the total score, except for items 4, 5, 8, 12, and 16, showing weak item-total correlations. Whereas the low itemtotal correlation of item 5 may be due to its focus on what other people think about the patient's condition, in contrast to the other items' focus on the patients' personal experience, items 4, 8, 12, and 16 share the same content as the other items, but are inversely (i.e., positively) formulated (see Table 1 ). This is consistent with findings for TSK, where the same items have been found problematic in most studies. 21, 22, 34 Based on these results, we decided to remove items 4, 5, 8, 12, and 16 from the PCA. The screen plot suggested a two-component solution (see Table 2 ; eigenvalues for the first four components were 4.78, 1.56, 1.02, and 0.74, respectively). The first component contains items about the potential harm of physical exercise (items 1, 10, 13, 14, 15, and 17), the second component contains items regarding the potential bodily harm that breathlessness signals (items 3, 6, 7, 9, and 11). Item 2 loads moderately on both components and is not included in either of them. These components generally converge with TSK 'activity avoidance' (factor I; BBQ-AA) and 'somatic focus' (factor II; BBQ-SF) scales. The two-factor solution explained 53% of the variance. Cronbach's alpha for the reduced BBQ is .85. Table 3 presents, for the two study samples, averaged scores on the reduced BBQhereafter referred to as 'BBQ'. Mean item scores are provided informatively in Table 2 .
Construct validity
Correlations. Table 4 lists the correlations between BBQ subscale scores and the other questionnaire data, for the rehabilitation group (HADS, CRDQ, and PFSDQ-M) and the outpatient group (PANAS, HADS, and PFSDQ-M) separately. Across diagnostic groups, we observed significant negative correlations between BBQ scales and the PA scale of the PANAS and significant positive correlations between BBQ scales and NA. Significant positive correlations were also observed between BBQ scales and the HADS anxiety and depression scales. These correlations were generally higher in the outpatient group compared to the rehabilitation group. Within the outpatient group, the highest correlation was found between BBQ SF and HADS anxiety. In the rehabilitation group, the correlation between BBQ AA and HADS anxiety was the lowest but still significant (p ¼ .017).
Correlations between BBQ scores and CRDQ scores in the rehabilitation group were all negative (see Table  4 ), indicating that higher BBQ scores corresponded with lower quality of life. Only three correlations reached significance, and only one was significant at the p < .01 level. Whereas higher BBQ SF and AA scores were associated with lower mastery, only the AA scale was associated with lower emotional functioning.
Across patient groups, correlations between BBQ scores and PFSDQ-M scores were all positive (see Table 4 ), which is -considering that higher PFSDQ-M scores indicate lower functional status -consistent with the CRDQ-data. Whereas both BBQ scales correlated significantly with all PFSDQ-M scales in the outpatient group, only the correlations between BBQ AA and PFSDQ-M activity and dyspnea scores reached significance for the COPD patients.
Regression analyses. The results of the regression analyses are presented in Table 5 . When PA and NA were entered simultaneously as predictors of BBQ-AA scores, PA predicted BBQ-AA scores independently from NA with higher PA scores associated with lower BBQ-AA scores. NA was not a significant predictor of BBQ-AA scores. The opposite pattern was observed for BBQ-SF scores: NA significantly predicted BBQ-SF scores but the relation between PA and BBQ-SF was nonsignificant when controlling for NA.
When HADS-scales were entered simultaneously in the regression analyses, both scales predicted BBQ scores significantly, independently from each other. Variance inflation factors (VIF) were all <.33, suggesting that there is no problem of multicolinearity.
Disease severity
BBQ scores according to GOLD stage are presented in Table 3 . BBQ scores were not related to disease severity (GOLD stage) in the rehabilitation group (BBQ-SF r ¼ .07; BBQ-AA r ¼ .17). Although the one-way ANOVA suggested that scores on the BBQ-SF scale were different across GOLD stages, F (3, 69) ¼ 3.75, p < .05, Z p 2 ¼ 0.14, post-hoc unequal N HSD comparisons revealed no significant differences in BBQ scores between GOLD stages (the one-way ANOVA for the BBQ-AA scale did not reach statistical significance, F (3, 69) ¼ 1.82, Z p 2 ¼ .07).
Discussion
The aim of the present paper was to assess the internal consistency and validity of the BBQ, a scale to measure dysfunctional beliefs about breathlessness in a sample of patients with respiratory disorders. After removal of 5 items due to low item-total correlations and divergent wordings from a 17-item questionnaire based on the TSK, PCA with Varimax rotation suggested a two-factor solution converging with the 'somatic focus' and 'activity avoidance' scales of the TSK. High scores on the SF scale (BBQ-SF; 5 items) reflect the belief that breathlessness is a signal of a dangerous disease process. High scores on the AA scale (BBQ-AA; 6 items) reflect the belief that physical activity/exercise eliciting breathlessness should be avoided, because it might make patients' disease (i.e., the cause of breathlessness) worse. The validity of the BBQ is supported by its moderate positive correlations with NA as measured with the PANAS. This suggests that the construct measured by the BBQ can be subsumed under a higher-order factor of 'negative affectivity', a general tendency to experience negative emotions, often also referred to as 'neuroticism'. Because depression and anxiety are components of NA, the significant correlations with HADS anxiety and depression scores add further support. In addition, the correlations with HADS anxiety scores indicate that the BBQ measures a component of general anxiety -in this case the anxiety associated with dyspnea. The significant correlations with HADS scores suggest that patients with stronger dysfunctional beliefs about breathlessness experience more symptoms of depression and anxiety. Although the direction of this relationship cannot be determined based on cross-sectional data, we suggest that dysfunctional beliefs are an important component of elevated depression and anxiety. Especially, the highly significant correlation between the BBQ-SF scale and HADS anxiety in the outpatient group supports this interpretation: Patients who believe that their breathlessness is a symptom of a dangerous disease process will also score higher on a more generic anxiety scale. One could argue that the relationship between dysfunctional beliefs about breathlessness and increased anxiety and depression is due to disease severity: patients with more severe disease experience more symptoms and have more to worry about. At the same time, they are more functionally impaired by their symptoms, which might lead to anxiety and depression. However, BBQ scores were unrelated to disease severity. Although preliminary, these results are important to follow-up, considering the high comorbidity of anxiety and depression in respiratory disorders. 35 In addition, we observed significant negative correlations with PA. Although some consider PA to be one extreme of the PA-NA continuum, the PANAS was constructed to measure two separate constructs (see 29 ) and recent evidence suggests that PA is related to physiological processes and health outcomes independent from NA. 26, 28, 29 Whereas NA is related to concerns, worrying, and health complaints, PA is more strongly related to more active, engaged ways of interacting with the world. Within this view, the regression analyses including PA and NA add further support to the construct validity of the BBQ: PA was inversely associated with AA, whereas NA was associated with higher SF. Similarly, the pattern of results of the regression analyses with HADS scores support the construct validity of the BBQ: Although all betas were significant for the HADS scales, the size of the betas and the significance levels suggest a stronger association between depression scores and AA, and anxiety scores and SF, respectively.
Furthermore, although not all correlations were significant, correlations between BBQ and CRDQ and PFSDQ-M suggest a negative relationship between dysfunctional beliefs about breathlessness and quality of life/functional status. It is somewhat surprising that correlations between BBQ scores and CRDQ dyspnea and fatigue scales were low and nonsignificant, especially when compared to the PFSDQ-M-findings. This may be due to the specific response format of the CRDQ and PFSDQ-M: whereas the PFSDQ-M requires patients to rate their levels of dyspnea and fatigue 'in general', the CRDQ asks about specific instances of specific activities within the last 2 weeks. The latter method may trigger more specific memories and hence ratings reflecting reality better than the general framing of the PFSDQ-M. This would suggest that higher BBQ scores are associated with increased symptom reports (and perceived decreased functionality) but possibly not with increased symptoms. This is certainly an interesting venue for future research.
The structure of the BBQ is very similar to the structure of the TSK, 21 for which an 11-item reduced version has been suggested recently. 34 Although the scales are not identical up to the level of every single item, the subscales show large overlap and there are no items that belong to opposite scales in the TSK and BBQ. This adds to the validity of the TSK, as well as to the validity of the BBQ. Moreover, the 11-item TSK has been shown to be valid across diagnoses and populations, raising our hopes that the BBQ may be a useful tool to assess dysfunctional breathlessness beliefs across diagnoses as well. This claim is partly supported by our data, as the outpatient sample suffered from various respiratory diseases. Consequently, the BBQ may assess dysfunctional beliefs independent of the cause of dyspnea. Considering the central role that dysfunctional beliefs about pain and physical activity play in pain-related disability, further research investigating the association between dysfunctional breathlessness beliefs and disability in pulmonary disease is certainly needed. As it has been suggested that there may be a two-factor structure in the TSK in a chronic low back pain population but possibly a one-factor structure in a population with fibromyalgia 22 or arthritis, 34 further research regarding the structure of the BBQ across different cardiopulmonary disorders is warranted.
The present study has a number of limitations. First, our data are cross-sectional, limiting the scope of the findings. Prospective studies investigating the effects of dysfunctional beliefs about breathlessness on quality of life, psychological well-being, and activities of daily living are needed. Second, we used exploratory factor analysis to explore the structure of the BBQ. It could be argued that confirmatory factor analysis may be better suited to assess the structure of a questionnaire that is based upon a well-validated existing questionnaire. However, considering that the wording of some items was changed compared to the TSK to fit the symptom of breathlessness, and considering that we assessed beliefs about a different symptom, it was more appropriate to first explore the internal structure of the instrument. Future validation studies may well use confirmatory factor analysis. Third, our rehabilitation sample consisted mainly of patients with COPD and we did not control for type or duration of respiratory disorder in the outpatient sample. Future validation of the BBQ in selected samples with specific diagnoses is needed. Fourthly, having PANAS and CRDQ data available for both subgroups would have increased the statistical power of our analyses and possibly strengthened our case. Finally, this study was based on self-report only, which may have introduced shared method variance and selfprotecting biases. Future studies may examine to what extent BBQ scores predict observable defensive behavior during a behavioral task. Back pain patients scoring high on TSK displayed lower lifting tolerance times as compared to those scoring lower on TSK 36 and it is likely that similar effects can be observed in COPD patients with elevated scores on the BBQ.
In short, the BBQ is a valid, short, and useful instrument to assess respiratory patients' dysfunctional beliefs about the harmfulness of their disease and physical activities. Further research is needed to document to what extent BBQ scores are related to daily life activities and symptoms.
